Genomic and physiological analysis of oxygen sensitivity and hypoxia tolerance in PC12 cells.
The mechanisms by which cells adapt and respond to changes in oxygen tension remain largely unknown. Our laboratory has used the PC12 cell line to study both biophysical and molecular responses to hypoxia. This chapter summarizes our findings. We found that membrane depolarization that occurred when PC12 cells were exposed to reduced O(2) was mediated by a specific potassium channel, the Kv1.2 channel. The membrane depolarization leads to increased Ca(2+) conductance through a voltage-sensitive channel, which in turn mediates the release of the neurotransmitters dopamine, adenosine, glutamate, and GABA. In addition, increased intracellular Ca(2+) and other signaling systems regulate hypoxia-induced gene expression, which contributes to the adaptive response to reduced O(2+). We identified several critical signaling pathways that regulate a complex gene expression profile in PC12 cells during hypoxia. These include the cAMP-protein kinase A, Ca(2+)-calmodulin, p42/44 mitogen-activated protein kinase (MAPK), stress-activated protein kinase (SAPK; p38 kinase), and the phosphatidylinositol 3-kinase-AKT as regulators of gene expression. Several of these pathways regulate hypoxia-specific transcription factors that are members of the hypoxia-inducible factor (HIF) family. Recently, we have successfully used subtractive cDNA libraries and microarray analysis to identify the genomic profile that mediates the cellular response to hypoxia.